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The Transparency of Biotite to Infra-red Radiations, 

By L. C. Maktin, A.R.C.S., D.LC, B.Sc, Lecturer in the Technical Optics 
Department, Imperial College of Science and Technology. 

(Communicated by Prof. H. L. Callendar, F.R.S. Received March 3, 1919.) 

The important work of Sir W. Crookes on the infra-red transmission of 
certain glasses of definite composition was carried out largely with the help 
of black biotite, which mineral is, when in moderately thick sheets, quite 
opaque to light radiations, but is markedly transparent to the infra-red. For 
purposes of the comparison of certain results on commercial glare glasses 
obtained by the present writer with those given by Sir W. Crookes, it was 
desirable to determine exactly the transmission of biotite and its variation 
with wave-length. 

A few rough results have been obtained by Koenigsberger,* and are quoted 
by Coblentz, but evidently insufficient results were obtained to give exactly 
the true form of the transmission curve. Accordingly, the present work was 
designed to give as nearly as possible the variation of transmission in the 
most interesting points on the curve, especially near 3 />t, where so many 
substances (especially those containing oxygen with hydrogen) show indica- 
tions of or actual absorption bands. The singular temperature effect to be 
described was entirely an accidental discovery. 

The apparatus employed was designed some ten years ago by Prof. Callendar 
(who kindly gave permission for its use) and Mr. A. Eagle. The arrange- 
ment of mirrors and prism is indicated in the diagram, fig. 1. The second 
mirror, M2, can be rotated by a tangent screw action working at long radius, 
which was specially designed with a sleeve micrometer to indicate the 
inclination of the mirror. The angular motion corresponding to a turn of 
the screw head could be calculated from the dimensions of the apparatus. 

The thermopile, T, is mounted behind the second slit, S2, in the plane of 
which the spectrum is focussed. It is desirable of course to work with as. 
small apertures as possible ; in practice, the slits were approximately 1 mm. 
wide. 

As spectrometric work in the infra-red is likely to receive increasincy 
attention in future, it may not be out of place to examine simply the optical 
properties of the system which has been employed in this work. Firstly, it 
would be desirable that each mirror should be a segment oi a paraboloidal 

•5^ Koenigsberger, *Ann. der Physik,' vol. 61, p. 687 (1897); Coblentz, Publ. 35, 
Carnegie Inst., Washington, 1905. 
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surface which has its apex in the line drawn through the desired focus 
parallel to the desired path of the parallel rays. Since, in practice, the 
mirrors cannot well fulfil this condition, spherical surfaces will be employed. 
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Fig. 1. 

Under these circumstances, the centre of curvature (see fig. 2) of the surfaces 
will lie near the line mentioned above. 
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Fig. 2. 



In fig. 2a the mirror system is shown, omitting the prism. If we now 
arrange the spherical surfaces so that they are tangential to the paraboloids 
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at A and C, we shall have true parallelism of the rays between A and C, but 
the aberrations at B and D will be in the same sense and will add together. 
This disadvantage can be overcome by arranging the mirrors as in fig. 2h — 
when the advantages of a symmetrical optical system are realised. The second 
arrangement, then, appears the best for general use, and it seems to have been 
adopted by most experimenters, but in actual practice it is found possible 
very largely to overcome any objectionable amount of coma by adjusting the 
focus of the instrument when using visible radiations. The reflected pencils 
are astigmatic, which for spectrometric work is a positive advantage when 
dealing with line spectra, but more especially in visual and photographic 
work, as " dust lines " in a narrow slit are not in focus. 

In order to make sure that the amount of aberration present could not 
seriously interfere with the use of the apparatus, the width of the coma patch 
at the focus for the two extreme rays and a centre ray of an assumed 
parallel beam passing through the prism has been calculated for one mirror. 
Owing to the restricted size of the rock-salt prism the effective aperture of 
the mirrors was not greater than about 7 cm., and the angle of incidence of 
the principal centre rays was about 6°. The coUimating mirror has a focal 
length of 100 cm., very nearly. The coma patch is represented by the 
distance, AB, from the centre principal ray to the intersection of the two 
extreme rays, see fig. 3a, and is a well-known criterion of the amount of coma 
present. This is easily calculated trigonometrically for the collimating 
mirror under the assumptions given above, and the magnitude of AB proves 
to be just under 0*01 cm. 

Using a slit of negligible aperture, the coma present at the final focus of the 
apparatus is obviously of the order of double this amount, and may therefore 
be completely neglected in practice, especially as slits of at least 1 mm. had 
to be used for this infra-red work. 

The following short geometrical discussion may possibly be helpful : — 

Since the slit would be represented as at right angles to the diagram 
(fig. 3), we must deal with a " meridian " focus. Using the well-known 
formula for refraction of oblique meridian pencils at a curved surface 



n' cos^ i' n cos^ i n^ cos i^ — n cos i 



V U T 



and adapting it to the case of reflection by putting n' -=:. ^n and i' -- —% the 
expression becomes 



1,1 2 

V U T cos % 



If nearly parallel light passes bhrougli the prism in our apparatus, we have 

2 
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that in general the distance from the point of incidence P to the meridian 
focus F, for parallel light PFi = ~ . cos i. 





Fig. 3. 

The geometrical meaning of this is seen clearly by drawing the radii OPi^ 
OP2, fig. 36, bisecting them in M and IsT, and dropping perpendiculars (MFi, 
NF2) to the corresponding reflected rays. These points, Fi, Fg, are the 
meridian foci for parallel pencils incident at Pi, P^ respectively. Producing 
the perpendiculars and drawing F2K parallel to PiFi, we see that the distance, 
F1F2, between the two meridian foci for the margins of the mirrors has a 

nt n't 

value lying between F2L and F2K or between -^ sin ^2^2 sin a and ^ sin 12 tan a 
where a is the angle of convergence of the beam. For the collimating 



mirror approximate values are ■- = 100 cm., a 



7 



.. '^ 



Hence the 



100' 10* 
distance, F1F2 = 0*7 cm. approximately, or 0'7 per cent, of the focal length. 

The best focus will lie between Fi and F2, when only small amounts of 
residual aberrations will be encountered. 

The considerations then which would prohibit the use of such a system for 
ordinary optical purposes are seen to be of less importance when dealing with 
line spectra. The actual definition given by the system is surprisingly good^ 
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as shown by a photograph of a part of the red end of the visible iron spectrum 
taken by mounting a photographic plate in the plane of the thermopile without 
the protecting slit. 

With slits of finite aperture the observed curves will be slightly in error. 
Thus the slit before the thermopile occupies (when 1 mm. wide) just over 
2' of arc. With the 60° rock-salt prism and the mirror of 60 inches 
focus, the length of spectrum, assuming chis to be pure, received on the 
thermopile is given approximately by the following Table: — 



Begion. 


Lengfcli of spectrum 
received on thermopile. 


Eegion. 


Length of spectrum 
receiyed on thermopile. 


A^ 


p,. 


M. 


M. 


0-6 


0-004 


1-8 


0-14 


0-8 


0-02 


2-0 


-16 


1-0 


0-03 


2-5 


0-17 


1-2 


-04 


3-0 


0-19 


1-4 


0-08 


3-5 


0.-16 


1-6 


0-11 


4-0 


0-14 



With the first slit 1 mm. wide, and a coUimating mirror of 1 metre focus, 
the slit image is 1*5 mm. in width. 

Lord Eayleigh^ has shown that the observed curve is connected with the 
true by a double integration, 






ydh 

' x-~h 



where 2 A is the width of the slit before the thermopile, 
2k „ „ image of the first slit, 

y^ is the observed ordinate and y the true ordinate. 

This leads to the rule for the correction of the ordinate to the curve. 
Following this rule, we compute 

^ v^(/^HF) = v'(0-52 + 0-72) = 0-8mm. 

This, at the point of maximum curvature 2*75/^ in the curves subsequently 
given, represents 0*15 fju. 

Drawing ordinates at this distance, we find that the correction is of the 
same order as the probable errors of observation and it is therefore omitted. 
The only effect of the finite slit widths will be slightly to mask the true shape 
of the curves at points of maximum curvature. 

Spectrum lines in the visible region were first focussed on the second slit, 
being observed with a telescope by displacing the pile and substituting a 



^ *Phil. Mag.,' vol. 42, p. 443 (1871). 
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reflecting prism. The rotation to be given to the second mirror to bring any 
given wave-length on the slit could be calculated from Euben's I'esults on the 
refractive index of rock salt. In this way the wave-lengths 3*0 /^ and 4*4 //, 
were found. Their exact position was determined by the use of the water 
absorption band in a plate of selenite 0*25 mm. thick, and the emission band 
at 4'4/x. given by a Bunsen burner. The position of the water absorption 
band is uncertain and has been located by various experimenters at differing 
wave-lengths near 3'0 ^^ at which it has been assumed to lie for this calibration. 
A curve of correction was thus obtained and wave-lengths are located 
consistently to 0*02 fju. 

The whole apparatus is enclosed in a double-walled box to prevent 
temperature disturbances, and this was closed after the observations on the 
visible spectrum. In general, a fresh calibration had to be made each day as 
the adjustment is extremely sensitive. Also the temperature of the whole 
room was kept as constant as possible to prevent parasitic E.M.F.'s in the 
thermopile circuit. 

The source of radiation for the work was a Nernst glower (N, see fig. 1), 
run from a spare set of accumulators. It was enclosed by a screen of mica 
(with a window of thin quartz) to prevent draughts. The image of the 
filament was focussed on the slit by a rock-salt lens, L. This arrangement 
was found extremely satisfactory, and with care, absorption measurements 
could be repeated to well within 1 per cent. The zero of the galvanometer 
was taken before and after each reading by placing a screen between the rock-salt 
lens and the first slit, as a screen immediately in front of the pile produces 
erious zero errors owing to slight temperature differences. Measurements of 
transmission can be made consistently to within 1 per cent, at a given wave- 
length. 

In some of the earlier trials the image of the Nernst glower was focussed 
on the slit by a concave mirror of silvered glass. This was of large aperture, 
and it was found that the heating effect at the focus was considerable. On 
one occasion it was noticed, on placing a piece of biotite in front of the slit, 
that the galvanometer deflection rose at first beyond its steady value. This 
effBct was at once traced to the heating of the biotite, as when this was 
cooled by blowing on it the galvanometer deflections could be increased. 
Ordinary Muscovite mica shows no trace of this effect. Dechant* could 
detect no change in absorption with a rise in temperature of 120^ C. 

In order to investigate the phenomena more fully a small electrically 
heated oven (0, fig. 1), lined with asbestos and having small windows of 
Muscovite mica, was employed. The general arrangement is shown in fig. 4. 
^ Dechant, * Wien. k. Akad. Ber.,' vol. Ill, Abth. 2 a, p. 206 (1902). 
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The biotite was held in a small frame carried on a rod by means of which it 
could be brought between the windows or pushed to one side. A mercury 
thermometer close to the biotite indicated the internal temperature. It is 
difficult to fix exactly the temperature of any specimen under the necessary 
conditions of experiment as the crystal must be perfectly free to transmit 
radiation and may not be immersed in a liquid bath, or even in steam, owing 
to the high absorption which these expedients would entail. The method 
adopted doubtless gives the temperature within a few degress. The slight 
radiation which the heating of the oven sends into the instrument made no 
observable effect on the galvanometer. The mica windows, which are of 
course kept always between the source and slit, reflect a small proportion of 
the radiation, but not sufficient to reduce it inconveniently. 
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Fig. 4. 

In making an experiment, the temperature was first allowed to become 
steady, small irregularities being controlled by a rheostat in the heating 
circuit. A series of absorption values was then taken for points between 
0*7 fi and 4*5 fi (about), the observation extending over about two hours. 
Most of the work was done at night when experimental conditions are 
naturally of greater constancy. 

Tour specimens were exactly tested, two thicknesses from each of two 
varieties of biotite from differing localities. The actual transmission values 
obtained from each of the specimens are given. 

In general, the effect of rising temperature is greatly to increase the 
absorption of the biotite ; the transmission is halved at about 200° C. 
Although there are minor variations the effect is of the same order through 
the range of wave-length studied, i.e., from 1*0 /^ to 4*5 //,. 
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Owing to war conditions only one galvanometer was available for the 
work, and this unfortunately was not sufficiently sensitive to enable the 
observations to be carried out far beyond 4yL6 (which is obviously extremely 
desirable and which will be done as soon as possible). Under the above 
circumstances the radiation of the Nernst glower was very weak at points 
beyond 4 jjl and the galvanometer deflections were very small. Eesults in this 
region must be taken with reserve. 

Certain other results which appear to lie off the general track of the 
curves may be due to accidental temperature variations of the specimen. 

Let Jo be the incident radiation, and let (1— /3) be the transmission factor 

for a reflecting surface, also let a be the "extinction coefficient," then very 

nearly 

Ii the transmitted radiation = Io(l— /3)^10~'^*, 

where t is the thickness of the medium. 
For another thickness, ti, 



then 



I2 _ lQa{t-h) 
II 



and 






It should be noted that the formula given neglects the effect of multiple 



/eflections. The reflection factor (1— yS) is equal to < 1 






+1/ J 



, where n 



is the refractive index. It is assumed, as seems probable, that the refractive 
index will fall as is usual with increasing wave-length. There was, of course, 
no quasi-metallic reflection in the range of wave-length investigated. 



Specimen No. 1 (thickness = 0'07 mm.). — Percentage Transmission and 

Temperature. See fig. 5. 



Wave -length- 


187° 0. 


139° 0, 


73° 0. 


25° 0. 


fX. 


per cent. 


per cent. 


per cent. 


per cent. 


0-90 




— 


— . 


6-9 


1-43 
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24-9 


26-5 


1-66 


33-5 


88-1 


45-2 


47*8 


2-47 


63-7 


68-2 


70-2 


73-7 


2-78 


m-Q 


68-3 






2-88 


m'2 


66-9 


72-5 


73-0 


2-97 


64-8 


68-9 


72-9 
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75-4 . 


77 -8 


79-8 


80-7 


3 -56 


77-2 


79-2 
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80-7 


80-4 


8 -87 


78-2 


78-9 






4 -12 


73-6 


77-6 


72-0 


74-6 
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Specimen No. 2 (thickness = 0*32 mm.). See fig. 5. 
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The results given, although consistent, were obtained with somewhat 
inferior crystal plates. Later, through the kindness of Mr. Wiggins, I 
secured some excellent specimens from which perfect surfaces could be 
obtained. Two plates were selected of thickness 0*013 cm. and 0'035 cm.,, 
the measurements being obtained for calculation of the extinction coefficient. 
The following Tables give the results obtained for percentage transmission.. 
Absorption values could be repeated from day to day with a consistency 
within 1 per cent., as has been already stated, but results taken at the same 
occasion with exactly the same adjustment are consistent to quite 0*2 per 
cent, in many cases. There are, of course, a certain number of somewhat 
doubtful individual results, as is inevitable in a long series of readings. 
Eesults given to 0*1 per cent, have thus a definite meaning in relation to- 
contiguous values, as is evident from their regularity. 

Specimen No. 3 (thickness = 0*13 mm.). See fig. 6. 



Wave-lengtli. 


Percentage transmission 
at 23° C. 


WaTe-iength. 


Percentage transmission 
at 23" C. 


11. 




^. 




0-71 


1 -05 


3 


72-6 


1-33 


4-29 


3-0 


74-2 


1-52 


17 -2 


3-12 


77-1 


1-82 


47*5 


3*22 


77-5 


2-25 


66-4 


3-65 


80-4 


2-76 


70*7 


3-85 


77-1 


2 -88 


68-2 


4-06 


77-5 


2-91 


68-2 


4-24 


73-8 


2-96 


71*0 


4*44 


62-6 



Wave-length. 


Percentage transmission 
at 250'^ C. 


Wave -length. 


Percentage transmission 
at 250° C. 


fi. 




fx. 




0-975 


0-5 


2-96 


48*7 


1-30 


1*38 


3-0 


51-0 


1-50 


4-91 


3-19 


58-7 


1-80 


16-7 


3-4 


60*5 


2-21 


34-3 


3-6 


63-6 


2-72 


45-2 


3-65 


65 -6 


2-83 


45-7 


3-81 


65*3 


2 -88 


45-8 


4-01 


64-2 


2-92 


48-4 


4-2 


62-6 
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Specimen No. 4 (thickness = 0*35 mm.). See fig. 6. 





Percentage 


Percentage 




Percentage 


Waye-lengtli. 


transmission at 


transmission at 


Wave-lengtJb. 


transmission at 




25° 0. 


110° 0. 




250° 0. 


fi. 






M- 




1-38 


0-51 


0*21 


1*38 




1-66 


2-77 


2*33 


1*56 
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1-86 


20*9 


12 -0 


1*86 


2*0 


2-29 


44-8 


34*6 


2*29 


7 *97 


2-53 


50*2 


37*7 


2 -53 


12*05 


2*76 


49-8 


40*0 


2*75 


15*2 


2-88 


49*2 


42*2 
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17-6 


2-94 
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43*8 


2-92 


19*2 


3-0 


57-2 


46 *75 
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3*04 


58*5 
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21*8 


3-08 
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51*7 


3*06 


22-5 


3-28 


m -1 


57-7 


3*28 


27*6 


3-48 


71*5 
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3*48 


33*0 


3-69 


69-8 


61*9 


3*71 
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3*87 
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The temperature effect is reversible, and a few careful measurements were 
made on the same day with specimen No. 3, in order to detect any possible 
''hysteresis" or lagging effect. Absorption values were taken before and 
^fter prolonged heating, at 250° C. 



■ 

Ware -length. 


Transmission before 
heating. 


Transmission after 
heating. 


2-83 
3-6 


per cent. 
69-5 
80-6 


per cent. 
69-7 
79-5 



Other measurements were also made on specimen ISTo. 1 with similar results. 
No evidence of any lagging effect has been found. 

From the transmission values of specimens N^os. 3 and 4, values for the 
extinction coefficient have been determined at 25° C. and 250° C. Kesults 
are tabulated below : — 



Ware-lengbh. 


Extinction coefficient at 
25'' 0. 


Wave-length. 


Extinction coefficient at 
250° C. 


/x. 




/x. 




1-52 


42 -0 


1'50 


63 


1-82 


19-0 


1-80 


42 


2-25 


8-1 


2-21 


34 


2-76 


6-8 


2-72 


22 


2-91 


6-2 


2-92 


19 


2-96 


6-1 






3-0 


4-7 


3-0 


17 


3-04 


4-6 


3-19 


16 


3-12 


4-2 


3-4 


13 


3 -22 


3-4 


3-6 


12 


3-85 


3-6 


3-8 


10 


4-06 


3-8 


4-01 


11 


4 -44 









From a first casual glance at the curves for ISTo. 2 it would appear that 
rise of temperature acts simply as an increase of thickness, but on closer 
inspection important changes are noticed. The absorption band near 2*9 /x 
is seen to become much weaker with rising temperature. Further, the form 
of the curve between Sfju and 4/^ alters considerably. It tends to flatten in 
the region of 3'4 /a, and the maximum transmission moves out to a greater 
wave-length. These results are borne out exactly by the curves for 
specimen ISTo. 4, and as far as the apparatus is concerned, can doubtless be 
accepted as proved. The finite width of the slits used doubtless masks to 
some extent the true depth of the absorption band, but there can be no 
question of its disappearance in specimens Nos. 3 and 4 when the crystal is 
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heated to about 250° C. The curves appear to suggest that fresh absorption 
bands might be developed by a further rise of temperature. 

In seeking to explain this temperature effect, several tentative suggestions- 
presented themselves. Firstly, the effect might be due to a lamination of 
the crystals (as the result of increased temperature), which disappears on 
cooling. The result of this would be that the transmission curve at a 
higher temperature should be a replica of that at a lower (on a smaller 
scale), as a definite factor of increased reflection would come into play. 

I, amount transmitted at higher temperature = lo (1—^)" \Q-at (gay), 
Ii, „ „ lower „ =Io(l-~^)nO-«*, 

then I/Ii = const., which is not the case. 

Again, if the extinction coefficient increases regularly with temperature,, 
the transmission at two temperatures 6 and ^ will be 

I, = Io(l~/S)nO--^ 

I^ = Io(l— ^)^10'""ti+A(*"-^)]«^ assuming a linear variation, 



.-. log cp = ot^Jyfc (^ — ^), or log -i = a?f (A; . ^ — 6^ + yfci . <p —6 + etc., if the- 

variation is not linear. 

The log of the transmission ratios should be proportional to the extinction 
coefficient in either case throughout the range of wave-length if the constants. 
hy ^1, etc., keep the same values. 



Wave-lengfeh. 


Extincfcion coefficient. 


Log Igso/Ias- 


Eafcio. 


M- 






, 


2-25 


8-1 


0*78 


10-0 


2-76 


6 -8 


0-52 


13-0 


2-91 


6*2 


0-44 


14-1 


2-96 


6-1 


0-43 


14-2 


3-0 


4-7 


0-42 


11-2 


3-04 


4-6 


0-40 


11 -6 


8-12 


4-2 


0-37 


11-3 


3-22 


3-4 


0-35 


9-7 


3 -85 


3-6 


0-24 


16-0 


4-06 

1 


3-8 


0-26 


15-0 



The values of the, ratio I250/I25 are found by interpolation on the curves 
for the wave-lengths at which the extinction coefficient is given, and,, 
unfortunately, the coefficient itself is obtained partly from interpolated 
results ; hence the Table given above must be taken as merely approximate.. 
It shows that, roughly speaking, the magnitude of the variation is approxi- 
mately the same over the range of wave-lengths investigated, but inspection. 
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of the curves shows local differences which are unexplained by any simple 
law ; this is supported by some consisteucy in the ratio variations of the 
extinction coefficient to log I^/I^ in the Table above. 

Experiments were also made to determine the variation of transmission 
with temperature at a given wave-length. The following Table gives 
temperature and the corresponding transmission at X = 2*29 /x. (See fig. 7.) 



Temperature. 


Percentage transmission. 


, - - 1 

Log transmission. 


°0. 






254 


8-6 


0-93 


244 


10-0 


1-0 


234 


11 -3 


1 -03 


224 


12-4 


1-09 


214 


14-0 


1:14 


204 


15-0 


1-18 


184 


17-0 


1-23 


174 


19-0 


1-28 


163 


21-0 


1-32 


153 


23-0 


1-36 


143 


25-0 


1-40 


133 


28*0 


1-45 


123 


30-0 


1-48 


113 


32*0 


1-50 


103 


33-0 


1-52 


93 


35-0 


1-54 


83 


37-0 


1-57 


73 


38-0 


1-58 
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The oven was heated up to about 260° C. and allowed slowly to cool, 
temperature and absorption values being taken regularly. The results 
appear to indicate an approximately linear variation of transmission with 
temperature at the wave-length of experiment ; but the errors in temperature 
measurement may have somewhat affected the regularity of the figures. 

Biotite is a mineral of somewhat variable composition, generally containing 
ferrous and ferric iron, magnesium, and aluminium as silicates with some 
hydrogen. It is found in widely separated localities, including Norway and 
East Africa, but the specimens on which the present work has been done are 
from British Columbia. Specimens from ISTorway and East Africa, and also a 
red variety from Ceylon, were tested with the heater, and found to exhibit 
the temperature effect in varying degrees, but exact measurements have not 
at present been made. 

It will be remembered that the mineral has several curious properties. 
Its transmission of radiations vibrating perpendicular to the cleavage is 
enormously greater than the transmission of others vibrating parallel to the 
cleavage, or normally incident on the crystal face. No evidence has been 
found of a variation in the crystal axes with temperature which could 
explain the phenomenon. 

The explanation of the infra-red transmission effect which has been 
described seems probably to lie in some temporary chemical change due 
to tlie rise of temperature. There is a great difference in the absorbing 
power of glasses containing ferrous and ferric iron. The diagram (fig. 8) 




^AVE LENGTH' 
Fig. 8. 



0^ 



shows the percentage transmission of two specimens due to Sir W. Crookes — 
Nos. 202 and 246. The first, containing ferric iron and cobalt, is 2*89 mm. 
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thick, and the second, containing ferrous iron, is but 1*5 mm. The- 
enormously greater absorption of the ferrous condition is shown. A 
regrouping of the elements forming the exceedingly complex molecule 
with a tendency towards the temporary formation of ferrous salts, would 
go far towards an explanation. 

My best thanks are due to Prof. Oallendar, F.RS., Prof. Fowler, F.E.S.,. 
and Prof. Conrady, for their valuable advice in the preparation of the paper. 



Experiments with Perforated Electrodes on the Nature of the 

Discharge in Oases at Low Pressures, 

By F. W. Aston, MA., D.Sc, Clerk-Maxwell Student of the University of 

Cambridge. 

(Communicated by C. T. R. Wilson, F.RS. Eeceived May 22, 1919.) 

In a paper on the influence of the nature of the cathode on the length of 
the Crookes' dark space* some difficulties in the way of a satisfactory expla- 
nation of the mechanism of that phenomenon were indicated, which showed 
that it would be very advantageous to obtain, if possible, direct evidence as- 
to how much of the total current passing through the discharge tube was 
brought up to the surface of the cathode by the positively charged ions falling 
upon it. 

With a view to investigating this and some kindred problems, a discharge 
tube was made of the form indicated in section in fig. 1. It consisted of a. 
cylindrical glass shade, closed at the lower end by stout glass plate, the 
electrodes being flat zinc discs just filling the tube. Zinc was used instead: of 
aluminium as hithertof ore, as during the work with cathodes of different 
metals the former was found to give off very little gas and to sputter hardly 
at all, while the much greater ease with which it may be worked gives it a. 
great advantage over the latter. 

The upper electrode. A, was movable, being suspended by an improved 
form of the winch described in an earlier paper,t and which has now come 
into very general use in effecting accurate motion of objects within gas-tight, 
apparatus. 

* F. W. A„ * Roy. Soc. Proc.,' A, vol. 87 (1912). 
f ' Roy. Soc. Proc.,' A, vol. 84, p. 528 (1911). 



